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CCCXLV1.- Vat Dyes of the Axo-series. 
By DHIRENDRA NATH MUKERJI. 
THIS work was undertaken with the object of discovering a method 
by which insoluble azo-dyes could be fixed on textile fibres. 
The investigation of Green and Bearder (T., 1911, 99, 1960) 011 
nitrohydrazo-compounds suggested the idea that suitable nitroazo- 
compounds might be applied as vat dyes. It was found that 
pp'-dinitrohydrazobenzene was absorbed by wool from dilute 
alkaline solution and on exposing the fibres to air the corresponding 
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dinitroazobenzene was regenerated within the fibres, but the dye- 
ings were not so fast to washing and alkalis as expected. The 
preparation of similar compounds of deeper colour was then 
attempted, and three azo-dyes were prepared. Of these, p-nitro- 
b enzeneaz o - 4-nitro - cc -nap h t hol and p -ni tro b enzen eazo - o-nitr op henol 
could be reduced to the corresponding hydrazo-compounds with 
alcoholic ammonium sulphide. The reduction of the third com- 
pound, 4-nitroiiaphthaleneazo-4-nitro-u-naphtho1, could not be 
tried on account of its small yield. . The hydrazo-compounds thus 
obtained were not very soluble in dilute aqueous alkali. However, 
it was found possible to use them as vat dyes and to regenerate 
the azo-compounds by exposing the fibres to air. But the method 
does not seem to be very promising, as the dyeings haye not the 
desired fastness. Moreover, the hydrazo-compounds are not 
resdily soluble in very dilute aqueous alkali, which alane is suit- 
able for a wool-dyeing bath. Cotton, which will withqtand more 
concentrated alkali, does not readily absorb the hydrazo-compounds. 
E x P E R I M  E N T A L .  
pp'-Dinitrohydraxbenxene.-This compound was prepared accord- 
ing to Green and Bearder (Zoc. ci t . ) .  
WQOZ Dyeing.--0-05 Gram of the substance was dissolved by 
boiling with 15 C.C. of water containing 0.06 gram of potassium 
hydroxide (six times the theoretical amount). One gram of wool 
was then introduced into the vat, which was kept a t  the laboratory 
temperature. The wool was taken out after an hour, well wrung, 
and exposed to  t&e air for two t'o three hours. The colour of thc 
dyeing changed from deep blue to golden-yellow. 
Cotton Dyeing.--Cofton was dipped in a 6 per cent. aqueous 
potash solution of the dyestuff (5 per cent. by weight of the 
cotton used). The colour changed from light blue to yellow by 
oxidation in air. It was found that very little of the dyestuff 
was taken up by cotton. 
p-~itrobenxeneaxo-4-~~i~ro-u-~aaphthol.-p-Nitroaniline was diazo- 
tised in the usual way and coupled with 4-nitro-a-naphthol, dissolved 
in a strong solution of sodium carbonate, The colouring matter 
was crystallised from a mixture of nitrobenzene (1 part) and glacial 
acetic acid (4 parts) and obtained in brick-red needles, which 
melted with decomposition a t  255". It is sparingly soluble in 
alcohol, acetone, or acetic acid, but dissolves readily in nitro- 
benzene. It is practically insoluble in alkali, but dissolves in cold 
concentrated sulphuric acid, yielding a violet solution, from which 
it was obtained in a fine state of division by pouring into water 
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p - N i t r o b e n ~ n - 4 - n i t r o -  u-naphthol, 
N0,*C,H4*NH*NH*CloH5( NO,)*OH. 
-One gram of the finely divided azo-compound was warmed at 
60-70" with 20 C.C. of alcohol and 1 C.C. of ammonia while a slow 
current of hydrogen sulphide was passed into the mixture until 
solution was just complete. Dilution with water precipitated the 
hydrazo-compound as a brown, amorphous mass, which was 
fdtered, washed, and purified by extraction with acetic acid. The 
substance melts a t  220'. It is readily soluble in alcohol, acetone, 
or acetic acid, but insoluble in ether. It dissolves in alkali with a 
bluish-green colour, which fades on exposure to  air, a brick-red 
precipitate, which resembles the original azo-compound, being 
formed. The dyeing of wool was effected as with dinitrohydrazo- 
benzene. The colour changed from violet to  rose-red on exposure 
to air (Found : C = 56-11 ; H = 3.62; N = 16.32. Cl,H,l,05N4 
requires C = 56.47; H = 3-52; N = 16.47 per cent.). 
p- Nitrobenxenehydrazo-o-nitrophenol, 
N0,*C6H4*NH*NH*C6H3( NO,)*OH. 
3-Nitrobenzeneazo-o-nitrophenol (Hewitt and Mitchell, T., 1905, 
87, 229) ww prepared in a different manner by diazotising p-nitro- 
aniline and coupling it with o-nitrophenol. It was then reduced 
in the same way as p-nitrobenzeneazo-4-nitro-u-naphthol. The 
crude hydrazo-compound was freed from unchanged material by 
boiling with benzene for a few minutes, and further purified by 
extraction with alFohol. The substance melts with decomposition 
at 260". It is readily soluble in alcohol or acetic acid, insoluble 
in benzene, and dissolves in alkali with a fine blue colour. The 
alkali solution decolorises on exposure to  air, leaving a brown 
precipitate. The dyeing of wool was effected as with the other 
hydrazo-compounds. The colour on exposure to air changed from 
violet to  brown (Found : C = 49.51 ; H = 3.79; N = 19.61. 
Cl,Hlo05N, requires C = 49.65; H = 3.44; N = 19.31 per cent.). 
4- Nitronnphthaleneaxo-4-nitro- u-naphthol, 
N0,*C,oH,*N,*CloH5(N02)*OH. 
-It was not found necessary to separate 4-nitronaphthylaminc 
from the 2-nitro-aceto- a-naphthalide formed during its preparation 
(Lieberniann, Annulen, 1576, 183, 229). Two grams of the mixture 
were diazotised in the ordinary way and the unchanged 2-niti-o- 
aceto-u-naphthalide was removed by filtration. The use of ethyl 
nitrite in diazotisation (loc. cit.) is therefore not necessary. Thc 
solution of 4-nitronaphthalenediazonium chloride was coupled 
with 1 gram of 4-nitro-a-naphthol, dissolved in a solution of sodium 
carbonate. The dyestuff crystallises from a mixture of nitrobenzene 
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melt wit'li decomposition at 240". The substance is almost insolublc 
in alcohol, acetone, or aceeic acid, but dissolves readily jn nitro- 
benzene (Pound : N = 14-34, Cl,o'H,,O,N, requires N = 14-43 per 
cent .). 
In  conclusion, the author expresses his sincere thanks t o  Pro- 
fessor E. R. Watson for his kind encouragement and valuable 
suggestions. 
DACCA COLLEGE LABORATORY, 
DACCA, RENBAL, INDIA. [Received, Oc tobc~  241Jt, 1921 .] 
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